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Chapter 1 Introduction 
With development of information and communication technology, an increase of areal density of hard disk drives is desired. 
L10-FePt films are one of the promising candidates for perpendicular recording media used for heat assisted magnetic recording 
(HAMR) in the future because of its high magnetic anisotropy and low Curie temperature. For media application, it is important 
to fabricate L10-FePt polycrystalline films on glass substrates using MgO under-layers because MgO under-layers are effective 
for fabricating grain segregation structure with L10 ordering of FePt along the direction perpendicular to the film plane. A high 
perpendicular ordering is necessary for a high thermal stability. Moreover, it is very important to prevent the formation of 
crystalline domain which has ordering structure in the film plane (variant) because the variant reduces the signal to noise ratio 
in magnetic recording media. The enhancing the perpendicular ordering while reducing the variant is necessary for medial 
application. Although many studies have been done for L10-FePt films, almost all fundamental studies for L10-FePt films were 
carried out on single crystal films.  
In this study, I focused on polycrystalline L10-FePt films fabricated on glass substrates using MgO under-layers. Order 
structure and variant formation of L10-FePt polycrystalline films were examined in relation to magnetic anisotropy and 
compared to those in single crystal films. For this purpose, new magnetic torque analysis to evaluate the variant volume fraction 
was proposed. Then, order structure and variant (structure and the volume fraction) in L10-FePt polycrystalline films were 
examined as functions of film deposition temperature and film thickness, and discussed in relation to magnetic anisotropy. 
Moreover, film deposition to reduce the variant formation while enhancing perpendicular ordering, was demonstrated.  
Chapter 2 Experimental procedures 
Films were deposited using a UHV magnetron sputtering system (E8002; Canon Anelva Corp.). In this thesis, standard 
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Fig. 1. TEM plane view of L10-FePt polycrystalline film. Red 
grains correspond to variant. Inset shows grain size 
distribution of variant. 
substrate temperature for film deposition, Ts, thickness of FePt, d, and Fe content were 400 ℃, 10 nm and 50at. %, respectively. 
FePt films were deposited on 2.5-inch glass disks using co-sputtering. For film deposition, a MgO polycrystalline under-layer 
with (001) preferred grain orientation was used. The values of uniaxial magnetic anisotropy were evaluated from magnetic 
torque curves measured using anomalous Hall effect (AHE). Magnetization curves were measured using vibrating sample 
magnetometry (VSM) and AHE measurement. Out-of-plane and in-plane x-ray diffraction (XRD), scanning electron microscope, 
transmission electron microscope (TEM) and spherical aberration corrected scanning transmission electron microscope 
(Cs-STEM) were conducted for structural characterization. 
Chapter 3 Proposal of a method for quantitatively evaluating the variant volume fraction by analyzing            
magnetic torque curves 
Magnetic torque curves obtained using AHE (AHE torque curves) for the film structure containing variant grains were 
calculated. Then Fourier analysis were carried out on the AHE curves. Assuming that variant sizes are larger than exchange 
length of spin, AHE torque curves were calculated using Stoner-Wahlfarth model as a superposition of AHE curves for 
perpendicularly ordered grains and variant grains. Fourier analysis revealed that AHE torque curves are distorted by the 
existence of variant. K1 and K2, which are the first and second order constant of magnetic anisotropy, were obtained by analyzing 
AHE torque curves. It was revealed that the ratio K2/K1 depends on variant volume fraction. Based on the results, a method for 
quantitatively evaluating the variant volume fraction using the values of K2/K1 measured experimentally for real films was 
proposed. In this method it is necessary to take account of the value of Ku2, which is second order constant of intrinsic uniaxial 
magnetocrystalline anisotropy of FePt, and the ratio of uniaxial magnetic anisotropies of variant grains Ku// to perpendicularly 
ordered grains Ku⊥.  
Chapter 4 Formation of variant and evaluation of variant volume fraction 
Structural analysis and quantitative evaluation of the variant volume fraction using the method proposed in chapter 3 were 
carried out on L10-FePt polycrystalline films.  
Structural analysis for L10-FePt polycrystalline film with d 
= 10 nm revealed that parts of FePt grains growing beyond 
the grain boundary of MgO under-layer form variant by 
losing epitaxy from MgO under-layer and preference of 
perpendicularly ordering. Fig.1 portrays TEM plane view of 
L10-FePt (d = 10 nm) polycrystalline film deposited at Ts = 
400 ℃ . Red grains correspond to variant, which were 
confirmed using the fast Fourier transform (FFT) image of 
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Fig. 2. Values of (K2 – Ku2)/K1 of L10-FePt(10 nm) 
polycrystalline film as a function of h (= H/Hk). Solid 
lines are calculated data with variant volume fraction 
fv = 5, 10, 15, 20 vol. %, assuming Ku///Ku⊥ = 1. Plots 
are experimental results (Ku2 = 3.5×106 erg/cm3).  
 
Fig. 3. Values of K1, K2 and K (= K1+K2) of FePt 
polycrystalline films.  
crystal lattices. It was clarified that there are many small variant 
grains of 5 to 18 nm as seen in the inset of Fig.1. The variant 
volume fraction of this film was estimated using AHE torque 
analysis. Fig.2 shows the values of (K2 – Ku2)/K1 of L10-FePt(10 
nm) polycrystalline film as a function of h (= H/Hk). Here, H and 
Hk indicate applied magnetic-field and anisotropy field of L10-FePt, 
respectively, and Ku2 was assumed to 3.5×106 erg/cm3. Solid lines 
are calculated data with variant volume fraction fv = 5, 10, 15, 20 
vol. %, assuming Ku///Ku⊥ = 1. The trend of h dependence of (K2 – 
Ku2)/K1 evaluated experimentally well corresponds to that 
theoretically calculated. The comparison between the 
experimental and theoretical results revealed fv was 16.5 vol. % in 
this sample. This value was significantly greater than that for single crystalline films fabricated on MgO single crystal substrate 
at the same deposition condition.  
Chapter 5 Order structure and variant as functions of deposition temperature and film thickness 
The order parameter of L10-FePt increases as Ts increases as is well-known. It was revealed that the order parameter of 
polycrystalline films starts increasing at a Ts lower than that of single crystal films, which was a merit of polycrystalline films for 
enhancing the ordering. However, the variant volume fraction of FePt polycrystalline films increased as Ts increased. Moreover, 
the order parameter of the variant increased as Ts increased, as is true also for that of perpendicularly ordering grains. These 
behaviors were found to be completely different from those in single crystal films: the volume fraction and order parameter of 
variant in single crystal films decreased as Ts increased.  
Film thickness also played important roles in determining order 
structure and variant of polycrystalline films. Fig. 3 shows the values of 
K1, K2 and K (=K1+K2) of FePt polycrystalline films obtained using AHE 
torque analysis as a function of d. K2 decreased as d decreased, implying 
a reduction of variant formation. However, the value of K2 at d = 2 nm 
was 7×106 erg/cm3, which is still larger than that of Ku2. This result 
indicated that the variant forms even in the initial film growth of only 2 
nm thickness although few FePt grains grew beyond the grain 
boundary of MgO under-layer by losing epitaxy. It is likely that some 
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Fig. 4. HAADF-STEM cross section image 
focused on film surface of L10-FePt 
polycrystalline film with d = 10 nm.  
variant formed even in FePt crystal lattice epitaxially grown on MgO 
lattices. In-plane tensile strain of FePt crystal lattice, caused by the lattice 
mismatch between FePt and MgO, is effective for enhancing 
perpendicular ordering. However, TEM cross-section image revealed that 
lattice strain reduced significantly within the initial a few layers of crystal 
lattice of FePt, which is likely to result in some formation of variant even 
in the crystal lattice epitaxially grown on MgO lattices.  
On the other hand, the values of K and K1 decreased gradually as d 
decreased, which were mainly caused by the reduction of the order 
parameter S. Especially S decreased significantly with reducing d from 4 
nm. Fig.4 shows HAADF-STEM image focused on the film surface of 
L10-FePt polycrystalline film with d = 10 nm. Two Pt atomic layers were observed on the top of the surface layer implying that Pt 
segregation occurs along the advancing surface during film growth. This behavior was observed also in single crystal films. This 
results means that the surface diffusion process coupled with Pt segregation along the advancing surface during film growth, 
which is likely to enhances the formation of alternate Pt and Fe stacking (natural bilayer stacking) along the direction 
perpendicular to the film plane. However, composition dependences of K and K1 showed a maximum at around 50 at%Fe even at 
d = 2 nm as is true also at d = 10 nm. This results suggested that the surface diffusion coupled with Pt segregation does not 
occurred at the initial film growth of FePt films, which is one of origins reducing the order parameter in the initial film growth.  
Chapter 6 Study on film deposition process for variant reduction while enhancing ordering 
The effect of plasma etching of MgO under-layer-surface on structural and magnetic properties of L10-FePt polycrystalline films 
was examined in order to reduce the variant formation while enhancing perpendicular ordering. The surface of MgO 
under-layers was slightly etched using weak Ar + O2 RF plasma, then FePt or FePt-C films were deposited. Structural and 
magnetic analyses revealed that a slight surface etching of MgO under-layers was effective to reduce the variant formation while 
enhancing perpendicular ordering. This is probably caused by an increase of the initial film growth density by the slight etching, 
reducing the number of FePt grains growing beyond the grain boundary of MgO under-layer.  
Chapter 7 Conclusion 
Order structure and variant formation of L10-FePt polycrystalline films fabricated on glass substrates using MgO under-layers 
were clarified in relation to magnetic anisotropy. Moreover, film deposition to reduce the variant formation while enhancing 
perpendicular ordering was demonstrated. These results should contribute to the fabrication of high density L10-FePt granular 
media.  
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